Abstract. In view of the important factor that the EMU can't obtain rated voltage caused by the voltage sags of traction electric network in high-speed railway, more effective feature extraction methods of voltage sag must be established to achieve rapid identification and compensation. The recognition method combined the αβ_type orthogonal expanding phase and the instantaneous dq_, type transform, can extract accurately the key characteristics of voltage sags by using the orthogonal transformation of single-phase voltage and the coordinate transformation of spreading phase voltage. The experiment show that this method can not only identify accurately the voltage sag of the traction network, but also has the advantage of clear concept and small computation.
Introduction
As an intermittent heavy load, the normal switching of the working condition of the EMU will have a great impact on the electronic system [1] . If the traction electron system has its own unstable factors that are difficult to identify, when the high-speed EMU passes through section post or split-phase, it is easy to cause a significant instantaneous landing of the traction network voltage, that is, the voltage landing [2] .
Based on the engineering background of high speed railway traction power supply system, a new traction network voltage sags identification method with combination of αβ diffusion and instantaneous dq transformation is proposed in this paper. In this method, the voltage sampling value is first shifted to a certain angle. Secondly, the two kinds of voltage of different phases are constructed by equal value transformation intoαβ_type two-phase orthogonal voltage. Finally, the instantaneous dq transformation is carried out.
Algorithm of Eigenvalue Extraction
The algorithm of eigenvalue extraction of the traction network voltage sags is composed of the principle of αβ orthogonal expansion and the instantaneous dq transform algorithm [3] .
The Principle of αβ Orthogonal Expansion
The principle of αβ orthgonal expansion is the basis of the eigenvalue extraction algorithm, its function is to expand the detected traction network voltage from a β single phase to an orthogonal αβ phase [4] . The principle of αβ orthogonal expansion is explained below with figure 1. In Figure 1 , the measurement voltage u 1 =Usin(ωt+φ) is set, and the corresponding equal amplitude orthogonal phasor is u α ; Let u 1 = u β ,the voltage phasor with a certain angle θ of the equal amplitude phase shift is defined as u θ . Make a perpendicular from the vertex A of the voltage u θ to the opposite direction of the phasor u α , get the intersection B, the new voltage vector is u A and u B .
According to the geometric relationship, the modulus of u A is Ucosθ, and the modulus of u B is Usinθ. In view of the reverse of u A and u β , and the reverse of u B and u α , there is: In the formula, the size of the angle θ is arbitrarily adjustable in theory, but it is best to choose the fixed value for the determined object.
The Principle of Instantaneous dq Transform
Instantaneous dq transform theory originates from instantaneous reactive power theory,Its function is to structure two eigenvalues of the voltage sags(voltage depth and phase jump) [5] , The principle of the instantaneous dq transformation is explained below with figure 2. In the two-dimensional plane shown in Figure 2 , there are two coordinate systems:One is an αβ stationary coordinate system, and the other is the dq rotating coordinate system that rotates at angular velocity ω. It is assumed that U is an arbitrary given voltage vector in the plane, the rotating angular velocity is also ω, its projection on the axis of the αβ is recorded as: u α =Ucos(ωt+φ),u β =Usin(ωt+φ); its projections on the dq axis are respectively recorded as:
According to the trigonometric function formula, it can be derived: 
The inverse matrix of its coefficient matrix is 
Following, combined with measured voltage data of high speed rail traction network, to test the diagnosis effect of traction network voltage sags identification method with combination of αβ diffusion and instantaneous dq transformation.
Example Analysis
The circuit model of high speed railway traction power supply system is built by using Matalab/Simulink simulation software, and then the voltage sags of the full parallel AT traction network are simulated.
In the circuit model, the main parameters of the V/x type traction transformer are as follows: The rated capacity is 2×31.5MVA; the rated voltage of the high voltage side is 220kV; the nominal voltage of the low voltage side is 27.5kV; the other parameters use the default values. In addition, The equivalent impedance of the EMU is 1.5Ω; Equivalent impedance of unit length of traction loop is 0.02Ω/km; The rated voltage of the traction network is 25.0 kV; the transformation ratio of potential transformer at the measuring point of traction electric network is 1000:1; The rated frequency is 50Hz; The fixed step length of the discrete circuit model is 0.1ms, and the sampling rate of the signal is 10kSa/s [6] . From Figure 3 , it is known that the voltage sags of the high speed railway traction network have the following characteristics: (1) the decrease of voltage amplitude is very fast, but the change of amplitude is different; (2) the duration of voltage sags is shorter, generally not more than 1s; (3) most of the voltage sag will disappear with the disappearance of the disturbance or the displacement of the vehicle. Therefore, the voltage sag of the traction network can not be equal to the fault, but it can reflect the hidden danger of the traction power supply system.
The above algorithm is used to calculate the traction network voltage shown in Figure 3 (phase shift angle =15  ). After low pass filtering, the sags depth U sag and phase jump φ sag are obtained. The waveform is shown in Figure 4 . As shown in Figure 4 , during the voltage sags of the traction network, the mean of the dips is 12.47kV, the mean of the phase jump is 30.26 degrees. This shows that during voltage sags, the voltage effective value is reduced by about 1/2 (rated voltage 25kV), and the value of phase jump is 1/12 frequency period.
On the basis of keeping the phase-shifting angle and the time of the sags constant, the simulation experiments are carried out by changing the sags several times, and the data are processed according to the above calculation method, then the results shown in Table 1 are obtained. The following conclusions are obtained from the experimental data of the traction network voltage of the high speed railway. (1) The voltage of the traction network is positively related to the depth of voltage sag, and is negatively correlated with the phase jump. (2) There is no linear relationship between the voltage of the traction network and the depth of voltage sag and phase jump, but the larger the voltage drop, the more obvious the change of its eigenvalues.
Conclusion
In order to verify the recognition effect of the new method, according to the actual engineering parameters, and the digital simulation software is used to build the circuit model of the traction power supply system for high speed railway. Through the experiment, we know that: 1) When the traction network voltage sags, the voltage waveform is seriously distorted, and the amplitude and phase of the voltage are disorderly; 2) There is a certain law between the characteristics of the voltage and voltage sags of the traction network, these rules create data support for accurate identification of voltage sags. A large number of experimental data have been proved that the method can not only identify the voltage sag of the traction network accurately, but also have the advantages of clear concept and small computation.
